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(57) ABSTRACT

A robot apparatus that performs the work of attaching a cable
includes a gripper that grips the cable having first and second
ends, the first end being fixed; an arm main body that guides
the second end of the cable being gripped by the gripper to the
interior of a guide area; a force sensor that is provided on the
arm main body and detects that the gripper has come into
contact with the second end of the cable; a camera that cap-
tures an image of the guide area when the force sensor detects
that the gripper has come into contact with the second end of
the cable; and an image processor that detects the posture of
the second end of the cable based on the captured image. The
robot apparatus performs the work of attaching the cable in
accordance with the detected posture of the connector.

18 Claims, 5 Drawing Sheets
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1
ROBOT APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present disclosure contains subject matter related to
that disclosed in Japanese Priority Patent Application JP
2013-051636 filed in the Japan Patent Office on Mar. 14,
2013, the entire contents of which are hereby incorporated by
reference.

BACKGROUND

1. Field of the Invention

The embodiments disclosed herein relate to a robot appa-
ratus.

2. Description of the Related Art

Recently, the proportion of using robot apparatuses in the
various steps of an assembly work has been increasing. For
example, Japanese Patent No. 4650411 discloses a robot
apparatus that connects the tip of a cable to a connector. The
robot apparatus described in Japanese Patent No. 4650411
detects the position of the connector by processing an image
captured by a camera and connects the cable to the connector.

Here, in the field of robot apparatuses that perform the
work of attaching a linear object, there is a demand for rapidly
detecting an end portion of the linear object and efficiently
attaching the linear object.

SUMMARY

According to an aspect of the disclosure, there is provided
arobot apparatus that performs the work of attaching a linear
body and that includes a gripper, an arm main body, a force
sensor, a camera, and an image processor. The gripper grips
the linear body having a first end and a second end. The first
end of the linear body is fixed. The arm main body guides the
second end of the linear body to the interior of a certain guide
area while the gripper is gripping the linear body. The force
sensor is provided on the arm main body and detects that the
gripper has come into contact with the second end of the
linear body. The camera captures an image of the interior of
the guide area in the case where the force sensor detects that
the gripper has come into contact with the second end of the
linear body. The image processor detects the posture of the
second end of'the linear body based on the image captured by
the camera. The robot apparatus performs the work of attach-
ing the linear body in accordance with the posture of the
second end of the linear body, which is detected by the image
processor.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a diagram illustrating the schematic configuration
of a robot apparatus, viewed from above, according to an
embodiment;

FIG. 2 is a functional block diagram illustrating the details
of a controller illustrated in FIG. 1;

FIG. 3 is a diagram illustrating the positional relationship
between a guide area and a connector;

FIG. 4 is a diagram illustrating a state in which a gripper
and the connector are in contact with each other; and

FIG. 5 is a flowchart illustrating the procedure of attaching
the connector.

DESCRIPTION OF THE EMBODIMENT

Hereinafter, an embodiment will be described with refer-
ence to the drawings. In description of the drawings, the same
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elements are given the same reference numerals, and over-
lapping descriptions are omitted.

As illustrated in FIG. 1, a robot apparatus 1 is a robot that
performs the work of assembling an apparatus 110. In the
embodiment, the configuration of attaching, by the robot
apparatus 1, a second end of a cable (linear body) 100 whose
first end is fixed to a main body of the apparatus 110 will be
particularly described. The robot apparatus 1 includes a guide
arm 10, a work arm 20, a camera 30, a body 40, and a
controller 50.

The guide arm 10 includes an arm main body 11, a gripper
12, and a force sensor 13. The arm main body 11 is an arm
with a plurality of joints. A base end portion of the arm main
body 11 is connected to the body 40. The gripper 12 is
mounted to a tip portion of the arm main body 11. By causing
the joints to swing, the arm main body 11 can move the
gripper 12, attached to the tip portion of the arm main body
11, to an arbitrary position in the three-dimensional direction.
The gripper 12 grips the cable 100.

The force sensor 13 is provided at the tip portion of the arm
main body 11, and detects a force applied to the gripper 12.
The force sensor 13 detects, of a force applied to the gripper
12, a force in the opposite direction from the sliding direction
of'the gripper 12 moved by the arm main body 11.

The camera 30 is mounted to the body 40, and captures an
image of the interior of a certain guide area R (see FIG. 3).
The guide area R will be described in detail later. Although it
has been described that the camera 30 is mounted to the body
40, the camera 30 may be mounted to an appropriate position
other than the body 40, such as near the tip portion of the arm
main body 11.

The work arm 20 grips a connector 101 mounted to the
second end of the cable 100. For example, the work arm 20
performs the work of attaching the second end of the cable
100, such as connecting the second end of the cable 100 to a
certain position on the apparatus 110.

The body 40 supports a base end portion of the guide arm
10 and a base end portion of the work arm 20 to be capable of
swinging.

The controller 50 controls the driving of the guide arm 10
and the work arm 20. Specifically, by using the guide arm 10
and the camera 30, the controller 50 detects the connector 101
mounted to the second end of the cable 100. By using the
work arm 20, the controller 50 performs an attaching work,
such as connecting the connector 101 to a certain position on
the apparatus 110. Functionally, as illustrated in FIG. 2, the
controller 50 includes a guide arm controller 51, a contact
determining unit 52, an image processor 53, and a work arm
controller 54. The controller 50 is physically configured of a
computer system including a central processing unit (CPU),
memory, and the like.

The guide arm controller 51 controls the driving of the
guide arm 10. Specifically, the guide arm controller 51 con-
trols the arm main body 11 and the gripper 12 to grip a portion
near the first end of the cable 100 (a portion near the end
portion connected to the apparatus 110). The position of the
cable 100 gripped by the gripper 12 is estimatable by detect-
ing in advance the position at which the cable 100 is fixed to
the apparatus 110. The position of the second end of the cable
100 differs from one cable 100 to another due to the habit of
the cable 100 or the like and is thus difficult to be accurately
estimated.

The guide arm controller 51 controls the arm main body 11
and the gripper 12, slides the gripper 12 in a certain path
toward the second end of the cable 100 while the gripper 12 is
gripping the cable 100, and guides the second end of the cable
100 (connector 101) to the interior of the certain guide area R.
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Here, the guide area R will be described. The length of the
cable 100 is determined in advance by a specification, design,
or the like. When the gripper 12, which is gripping the cable
100, is slid in a certain path to the second end of the cable 100,
the second end of the cable 100 is positioned in a certain area.
Inthe embodiment, as illustrated in FIG. 3, the area including
the position of the second end of the cable 100 in the case
where the gripper 12 is slid in a certain path is referred to as
the guide area R.

Note that the length of the cable 100 may vary depending
on tolerances or the like. If the length of the cable 100 varies
from one to another, the position of the second end of the
cable 100 in the case where the gripper 12 is slid in a certain
path also varies. The guide area R is set in advance to include
the positions of the second ends of these cables 100 with
different lengths, if any.

In addition, in the case where the guide arm controller 51
slides the gripper 12 in a certain path, the guide arm controller
51 controls the arm main body 11 to decrease the sliding
speed of the gripper 12 near the second end of the cable 100
where the connector 101 is provided. For example, the guide
arm controller 51 controls the arm main body 11 to decrease
the sliding speed of the gripper 12, sliding speed V2, to be
slower at the second end than the sliding speed V1 at the first
end of the cable 100 by gradually decreasing the sliding speed
as the gripper 12 approaches the second end of the cable 100,
or by decreasing the speed of the gripper 12 to a certain speed
when the gripper 12 becomes close to the second end of the
cable 100 to a certain degree.

When the guide arm controller 51 is notified by the contact
determining unit 52 of the fact that the gripper 12 has been
slid to the second end of the cable 100, the guide arm con-
troller 51 stops sliding the gripper 12.

On the basis of a force applied to the gripper 12, detected by
the force sensor 13, the contact determining unit 52 deter-
mines whether the gripper 12 has been slid to the second end
of'the cable 100. The connector 101 is provided at the second
end of the cable 100. Thus, as illustrated in FIG. 4, when the
gripper 12 is slid toward the second end of the cable 100 while
gripping the cable 100, the gripper 12 comes into contact with
the connector 101.

In response to this contact, a great force in the opposite
direction from the sliding direction of the gripper 12 is
applied to the gripper 12. In response to detection by the force
sensor 13 of application of a great force in the opposite
direction from the sliding direction to the gripper 12, the
contact determining unit 52 determines that the gripper 12 has
come into contact with the connector 101, that is, the gripper
12 has been slid to the second end of the cable 100.

When the contact determining unit 52 determines that the
gripper 12 has been slid to the second end of the cable 100, the
contact determining unit 52 notifies the guide arm controller
51 and the image processor 53 of the fact that the gripper 12
has been slid to the second end of the cable 100.

When the image processor 53 is notified by the contact
determining unit 52 of the fact that the gripper 12 has been
slid to the second end of the cable 100, the image processor 53
detects the posture of the connector 101 on the basis of an
image including the guide area R, which is captured by the
camera 30. Existing image processing technology can be used
in this detection of the posture of the connector 101. Here, the
tilt of the connector 101, the rotation state of the connector
101, and the like are detectable.

The work arm controller 54 controls the driving of the work
arm 20. Specifically, the work arm controller 54 controls the
work arm 20 to grip the connector 101 on the basis of the
posture of the connector 101, detected by the image processor
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53. The work arm controller 54 controls the work arm 20 to
perform an attaching work, such as connecting the connector
101 to a certain position on the apparatus 110.

Next, the procedure of the work of attaching the connector
101 provided at the second end of the cable 100 will be
described. Asillustrated in FIG. 5, the guide arm controller 51
first controls the guide arm 10 such that a portion near the first
end of the cable 100 will be gripped by the gripper 12 (step
S101). Next, the guide arm controller 51 controls the arm
main body 11 to slide the gripper 12 in a certain path toward
the second end of the cable 100 while the gripper 12 is
gripping the cable 100 (step S102). Accordingly, the second
end of the cable 100 (connector 101) is guided to the interior
of the guide area R.

Next, on the basis of the detection result obtained by the
force sensor 13, the contact determining unit 52 determines
whether the gripper 12 has come into contact with the con-
nector 101 (step S103). When it is determined that the gripper
12 is not in contact with the connector 101 (NO in step S103),
the guide arm controller 51 performs the above-described
processing in step S102. Meanwhile, when it is determined
that the gripper 12 has come into contact with the connector
101, that is, the gripper 12 has been slid to the second end of
the cable 100 (YES in step S103), the image processor 53
detects the posture of the connector 101 on the basis of an
image captured by the camera 30 (step S104).

Next, on the basis of the posture of the connector 101,
detected by the image processor 53, the work arm controller
54 controls the work arm 20 to grip the connector 101, and
performs the work of attaching the second end of the cable
100 (step S105).

The embodiment is configured as described above. The
robotapparatus 1 guides the connector 101 ofthe cable 100 to
the interior of the guide area R by sliding the gripper 12 while
the gripper 12 is gripping the cable 100. When the force
sensor 13 detects that the gripper 12 has come into contact
with the connector 101, the robot apparatus 1 detects the
posture of the connector 101 on the basis of an image captured
by the camera 30. On the basis of the detected posture of the
connector 101, the robot apparatus 1 controls the work arm 20
to grip the connector 101, and performs the work of attaching
the second end of the cable 100. In this manner, the connector
101 of the cable 100 can be guided to the interior of the guide
area R by sliding the gripper 12, and the posture of the
connector 101 becomes easily detectable on the basis of an
image of the guide area R.

For example, when the connector 101 is not guided to the
guide area R using the gripper 12, because the position of the
connector 101 is unknown, it is necessary to perform such
processing to capture animage of an area wider than the guide
area R and to find the connector 101 on the basis of this image
of the wider area. In contrast, in the embodiment, because the
posture of the connector 101 is detectable on the basis of an
image of'the guide area R as has been described above, image
processing can be performed in a short time.

Accordingly, the robot apparatus 1 according to the
embodiment can efficiently perform the work of attaching the
cable 100.

When sliding the gripper 12 in a certain path, the guide arm
controller 51 controls the arm main body 11 to decrease the
sliding speed of the gripper 12 near the second end of the
cable 100 where the connector 101 is provided. Accordingly,
when the gripper 12 comes into contact with the connector
101, a force applied to the connector 101 becomes smaller,
thereby suppressing the occurrence of failures such as drop-
ping off of the connector 101 from the second end of the cable
100 or breakage of the connector 101.
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Since the robot apparatus 1 has the work arm 20, after the
posture of the connector 101 has been detected, the robot
apparatus 1 can grip the connector 101 with the work arm 20
and quickly perform the work of attaching the cable 100.
While the cable 100 is being gripped by the gripper 12 of the
guide arm 10, the work arm 20 can grip the connector 101.
Thus, the positional displacement of the connector 101 does
not occur, and the work arm 20 can easily grip the connector
101. Accordingly, because the robot apparatus 1 includes the
guide arm 10 used to detect the position of the connector 101
and the work arm 20 which performs the work of attaching the
cable 100, the robot apparatus 1 can more efficiently perform
the work of attaching the cable 100.

Using the detection result obtained by the force sensor 13,
the fact that the gripper 12 has come into contact with the
connector 101, provided at the second end of the cable 100, is
detected. Accordingly, by detecting by the force sensor 13 the
fact that the gripper 12 has come into contact with the con-
nector 101, the fact that the gripper 12 has slid to the second
end of the cable 100 is detectable.

Although the embodiment has been described as above, the
embodiment is not limited to the above-described example.
For example, it has been described that the fact that the
gripper 12 has come into contact with the connector 101,
provided at the second end of the cable 100, is detected.
Alternatively, other than the connector 101, an appropriate
protrusion or the like may be provided at the second end of the
cable 100, and the fact that the gripper 12 has been slid to the
second end of the cable 100 may be detected. For example, a
protrusion or the like may be provided at the second end of the
cable 100, and the fact that the gripper 12 has come into
contact with this protrusion or the like may be detected.

Although it has been described that the sliding speed of the
gripper 12 is decreased near the second end the cable 100, the
gripper 12 may be slid at a constant speed, such as in the case
where the gripper 12 is slid at a slow speed.

Although it has been described that the work of attaching
the second end of the cable 100 is performed using the work
arm 20, the work arm 20 may not necessarily be provided. In
this case, the work of attaching the cable 100 may be per-
formed by the guide arm 10. For example, after the second
end of the cable 100 has been detected, the guide arm 10 may
be moved to align the position of the second end of the cable
100 at a certain position, or the cable 100 may be placed at a
certain position, and then the gripper 12 of the guide arm 10
may re-grip the connector 101 and locate the second end of
the cable 100 at a certain position.

Alternatively, a sensor that detects whether the cable 100 is
being gripped by the gripper 12 may be provided. In this case,
if the gripper 12 fails in gripping the cable 100, for example,
the gripper 12 may quickly re-grip the cable 100.

Although it has been described in the foregoing example
that the robot apparatus 1 performs the work of attaching the
cable 100, the robot apparatus 1 may perform the work of
attaching a linear body (such as a hose) other than the cable
100.

It should be understood by those skilled in the art that
various modifications, combinations, sub-combinations and
alterations may occur depending on design requirements and
other factors insofar as they are within the scope of the
appended claims or the equivalents thereof.

What is claimed is:
1. A robot apparatus that performs a work of attaching a
linear body, comprising:
a gripper that grips the linear body having a firstend and a
second end, the first end being fixed;

10

15

20

25

30

35

40

45

50

55

6

an arm main body that guides the second end of the linear
body to interior of a certain guide area while the gripper
is gripping the linear body;

a force sensor that is provided on the arm main body and
that detects that the gripper has come into contact with
the second end of the linear body;

a camera that captures an image of the interior of the guide
area in a case where the force sensor detects that the
gripper has come into contact with the second end of the
linear body; and

a controller including:

a contact determining unit; and

an image processor that detects posture of the second
end of the linear body based on the image captured by
the camera when the image processor is notified that
the gripper has come into contact with the second end
of the linear body,

wherein the robot apparatus performs the work of attaching
the linear body in accordance with the posture of the
second end of the linear body, which is detected by the
image processor,

wherein a connector is provided at the second end of the
linear body, and

wherein the force sensor detects when the gripper has come
into contact with the connector prior to performing the
work and the contact determining unit provides the noti-
fication to the image processor when the force sensor
detects that the gripper has come into contact with the
connector.

2. The robot apparatus according to claim 1, wherein the
arm main body decreases a speed at which the gripper is slid
to be slower at the second end of the linear body than the first
end of the linear body.

3. The robot apparatus according to claim 1, further com-
prising a work arm that grips the second end of the linear body
based on the posture of the second end of the linear body,
which is detected by the image processor, and that performs
the work of attaching the linear body.

4. The robot apparatus according to claim 1, wherein the
arm main body slides the gripper in a certain path toward the
second end of the linear body and guides the second end of the
linear body to the interior of the certain guide area.

5. The robot apparatus according to claim 1, wherein the
force sensor is disposed at a tip portion of the arm main body
between the arm main body and the gripper.

6. The robot apparatus according to claim 1, wherein the
gripper is configured to slide along the linear body and the
force sensor is configured to detect a force in a direction
opposite to a sliding direction of the gripper.

7. The robot apparatus according to claim 1,

wherein the robot apparatus comprises a first arm and a
second arm,

wherein the arm main body is disposed on the firstarm, and

wherein the second arm performs the work of attaching the
linear body in accordance with the posture of the second
end of the linear body.

8. A robot apparatus that performs a work of attaching a

linear body, comprising:

gripping means for gripping the linear body having a first
end and a second end, the first end being fixed;

guiding means for guiding the second end of the linear
body to interior of a certain guide area while the gripping
means is gripping the linear body;

force sensing means for detecting that the gripping means
has come into contact with the second end of the linear
body, the force sensing means being provided on the
guiding means;
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image capturing means for capturing an image of the inte-
rior of the guide area in a case where the force sensing
means detects that the gripping means has come into
contact with the second end of the linear body; and

a control means including:

a contact determining means; and

image processing means for detecting posture of the
second end of the linear body based on the image
captured by the image capturing means when the
image processing means is notified that the gripping
means has come into contact with the second end of
the linear body,

wherein the robot apparatus performs the work of attaching

the linear body in accordance with the posture of the
second end of the linear body, which is detected by the
image processing means,

wherein a connector is provided at the second end of the

linear body, and

wherein the force sensing means detects when the gripping

means has come into contact with the connector prior to
performing the work and the contact determining means
provides the notification to the image processing means
when the force sensing means detects that the gripping
means has come into contact with the connector.

9. The robot apparatus according to claim 8, wherein the
guiding means decreases a speed at which the gripping means
is slid to be slower at the second end of the linear body than
the first end of the linear body.

10. The robot apparatus according to claim 8, further com-
prising attaching means for gripping the second end of the
linear body based on the posture of the second end of the
linear body, which is detected by the image processing means,
and performing the work of attaching the linear body.

11. The robot apparatus according to claim 8, wherein the
guiding means slides the gripping means in a certain path
toward the second end of the linear body and guides the
second end of the linear body to the interior of the certain
guide area.

12. The robot apparatus according to claim 8, wherein the
force sensing means is disposed at a tip portion of an arm
main body between the arm main body and the gripping
means.

13. The robot apparatus according to claim 8, wherein the
gripping means is configured to slide along the linear body
and the force sensing means is configured to detect a force in
a direction opposite to a sliding direction of the gripping
means.

14. The robot apparatus according to claim 8,

wherein the robot apparatus comprises a first arm and a

second arm,
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wherein the gripping means is disposed on the first arm,
and

wherein the second arm performs the work of attaching the
linear body in accordance with the posture of the second
end of the linear body.

15. A robot apparatus that performs a work of attaching a
linear body, the linear body having a first end and a second
end, the first end being fixed and the second end having a
connector, the robot apparatus comprising:

a gripper configured to grip the linear body;

an arm main body that is configured to guide the second
end of the linear body to an interior of a certain guide
area while the gripper is gripping the linear body;

a force sensor that is provided on the arm main body and
that is configured to detect that the gripper has come into
contact with the second end of the linear body;

a camera that captures an image of the interior of the guide
area in a case where the force sensor detects that the
gripper has come into contact with the second end of the
linear body; and

a controller including
a contact determining unit; and
an image processor configured to detect a posture of the

second end of the linear body based on the image
captured by the camera when the image processor is
notified that the gripper has come into contact with the
second end of the linear body,

wherein the robot apparatus performs the work of attaching
the linear body in accordance with the posture of the
second end of the linear body, which is detected by the
image processor, and

wherein the force sensor is configured to detect when the
gripper has come into contact with the connector prior to
performing the work and the contact determining unit is
configured to provide the notification to the image pro-
cessor when the force sensor detects that the gripper has
come into contact with the connector.

16. The robot apparatus according to claim 15, wherein the
force sensor is disposed at a tip portion of the arm main body
between the arm main body and the gripper.

17. The robot apparatus according to claim 15, wherein the
gripper is configured to slide along the linear body and the
force sensor is configured to detect a force in a direction
opposite to a sliding direction of the gripper.

18. The robot apparatus according to claim 15, wherein the
robot apparatus comprises a first arm and a second arm,

wherein the arm main body is disposed on the firstarm, and

wherein the second arm performs the work of attaching the
linear body in accordance with the posture of the second
end of the linear body.
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